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Abstract

Nine groups of 2, 3, and 4 students each, 27 groups in all, dis-
cussed stimulating topics in face-to-face conferences or in one of 2 tele-
conference modes: teletype and televoice. Each group used one of the
three communication modes to solve a different problem on each of 3 suc-
cessive days. The problems encouraged opinionated discussion and required
the group to arrive at a consensus about how their fellow students felt
regarding: (1) the priority of certain national iscsues facing the country
today, (2) university budgetary considerations that affect the students'
academic needs, and (3) priorities for financial support to student ac-
tivities on campus. Performance was assessed on a number of dependent
measures: time to solution; the number of messages exchanged by the
group; the total number of words used by the group; message length; the
number of messages, and of words, communicated per minute; the number of
messages, and of words, communicated by the average group member; the
relative disparities among numbers of messages and words used by subjects
within groups; and the amount of agreement between the consensus arrived
at by the group and the results of a pool of the conferees' opinions on
each discussion topic.

Tn general, an increase in group size resulted in an increase in
every group measure of communication. That is, the larger groups used
more messiges, more words, communicated faster, and exhibited greater
relative variability among the numbers of messages generated by the indi-~
viduals within groups than did the smaller groups. The only exception to
this generalization is that 2-man groups generated slightly longer mes-
sages than did the larger groups. Groups as a whole and individuals with-
in groups produced more messages and words in face-to-face conferences
than did groups and individuals in either of the telecommunication modes.
Communication rates were much higher in the two conference modes that had
a voice channel, i.e., face-to-face and televoice, than in the teletype
mode. Some practice effects were found, most notably in the reduction in
the number of words used to arrive at solutions on successive days of the
test.
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Introduction

Since 1970, Professor Alphonse Chapanis of The Johns Hopkins
University has been directing a research program on human interactive com-
munication. The experiment reported here was conducted as a part of that
program.

Through a series of experiments already completed in the program
(Chapanis, Ochsman, Parrish & Weeks, 1972; Chapanis & Overbey, 1974;
Kelly, 1975; Ochsman & Chapanis, 1974; Parrish, 1973; Weeks & Chapanis,
1976; Weeks, Kelly & Chapanis, 1974) Chapanis and his students have demon-
strated substantial progress in the systematic investigation of variables
involved in dyadic person-to-person communication as it is mediated
through various communication channels (Chapanis, 1973, 1975). These
studies have contributed much to our basic understanding of how people
naturally communicate with one another in a face-to-face setting and how
they communicate through machine devices or electronic media when they are
separated.

The latter kind of communication has come to be called '"telecon-
ferencing," the conduct of interactive communication between two, or among
more than two, physically separated people via electronic media. 1In its
most common form, teleconferencing includes all dyadic, or two-way, tele-
phone conversations. However, the term "teleconferencing" is more common-
ly used to refer to communications involving more than two persons. The
interactive nature of the communications among conferees distinguishes
teleconferencing from such one-way, or non-interactive, forms of communi-
cation as radio and television broadcasts.

Genuine teleconferencing occurs among people in offices or homes
that have telephone extensions and that involve more than two people at
the same time. Of much greater practical significance, however, are the
many businesses and government agencies that conduct weekly, and sometimes
daily, centrally-arranged conference telephone calls among people located
in various cities throughout the country. Not only do these calls provide
speed and convenience in the conduct of regular meetings or in joint de-
cision making ventures among groups of people who may be physically sepa-
rated or scattered, but they also conserve personnel time and money by
substituting for face-to-face meetings.

Teleconferencing, however, is not limited to the telephone medium.
A variety of electronic devices allow groups of physically separated users
to communicate via television, audio, teletypewriter, and telautograph
(handwriting) linkages. Although such conference systems are less common
than the ubiquitous telephone, they have recently been used in such di-
verse conference applications as telemedicine (NASA, 1974) and telebanking
(Casey~Stahmer & Havron, 1973).

A new and unique form of group communication called computer tele-
conferencing is being investigated experimentally in a number of places
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(Johansen,Miller & Vallee, 1974; Turoff, 1972). Among other things, com
puter-assisted teleconferencing systems provide geographically dispersed
groups with immediate printed records of their communications and with
facilities that allow messages to be retrieved en masse Or selectively,
e.g., by date, sender, or topic.

The ultimate widespread acceptance of all teleconferencing systems
depends on a number of considerations, many of which are directly related
to the user's perception of the system's effectiveness. These considera-
tions involve a large number of psychological variables associated with
human interactive communication processes. Many of these have been
studied for dyadic conversations, and many yet remain to be studied. How-
ever, there have been almost no attempts to study systematically how these
variables change as the number of conferees changes. As an extension of
the Chapanis research program, this experiment has for the first time
studied systematically a set of conferences and teleconferences involving
2, 3, and 4 conferees.

The Problem

This experiment was designed to study interactive communication in
groups of 2, 3, or 4 conferees as they conversed in one of three communi-
cation modes to arrive at consensus solutions to realistic group decision
making problems. Although the primary goal of the research was to dis-
cover how an increase in the number of conferees changes the nature of
conferences, the study was also designed to compare performance with three
different modes of communication on three successive days, with three dif-
ferent problems, and with various combinations of these main variables.

Since the scanty literature available provided almost no basis for
predictive hypotheses, I formulated very few. I hypothesized simply that
as the size of the conference group increased, so too would the amount of
communication and the problem solution time.

Three different modes of communication were investigated: face-
to-face, televoice and teletype. Face-to-face conversation is usually ac-
cepted as the standard against which to compare performance in mediated
modes of communication. In the televoice mode, a close analog to "hands-
free" telephoning, conferees cannot see each other but have the speed,
flexibility and full range of expression that can be conveyed by voice.
In the teletype mode, conferees can neither see nor talk to each other.
However, this mode provides a printed version of the transactions. The
televoice and teletype modes are representative of teleconferencing chan-
nels that are readily available, are relatively inexpensive, and are in
use now.

The experiment was also designed to study learning effects, that
is, to discover whether conferees become more or less efficient at tele-
conferencing as they gain experience working together as a team and as
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they acquire experience with a particular communication mode. Two previ-
ous studies in the Chapanis series (Chapanis & Overbey, 1974; Kelly, 1975)
found practically no learning effects by dyads. One possible explanation
of those negative findings is that subjects were confronted with a new
type of problem on successive days. It is possible, therefore, that each
new day presented a new learning situation. In this experiment the three
problem solving tasks were much more similar in structure than were those
used in the earlier studies. I hypothesized that early group learning
effects would be demonstrated by the third conference session.

Although not a variable of primary interest, problems was the
fourth main variable in the study. Since the three problems were designed
to be similar in cognitive structure, I anticipated few communication
effects due to problems per se.

Just as important as the main effects were a variety of possible
interactions. Although I expected to find some interesting ones, I start-
ed with no specific hypotheses about particular interactions.

The dependent measures can be grouped into four classes: the time
taken by the groups to complete the tasks, communication output (both ver-
bal and typewritten), the quality of the problem solutions, and question-
naire opinion data. The first three classes of data describe quantita-
tively some group communication processes while the questionnaire elicited
subjects' qualitative descriptions of these processes.

Review of the Literature

Man has engaged in various forms of interactive communication
probably ever since he evolved into humanoid form. The most common form
of interactive communication is that conducted face-to-face. However,
even in the early years of his history man learned to extend his ability
to communicate through both time and space by using such aids as non-
speech sounds, smoke signals, drawings and signs, and then eventually
handwriting and printing. Much more recently the telegraph, telephone,
radio, television, computer and satellite have dramatically boosted man's
abilities to communicate rapidly and over great distances. Indeed, modern
systems enable man to communicate with his fellow man over distances as
great as a quarter of a million miles, i.e., from the earth to the moon,
and with his machines over as great as 50,000,000 miles, i.e., from earth
to the planet Mars. 'Telecommunications'" is the label for an entire in-
dustry that has evolved to link us together through electrical and elec-
tronic devices.

In the quickened pace of the 1970's the proliferation of telecom-
munication devices, their availability, and their many impressive succes-
ses, has resulted in our taking most of these devices for granted. It is
important to note, however, that while most of the basic technology that
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underlies telecommunication devices, such as electricity, transistors,
cathode ray tubes, telephone, radio and television transmitters and re-
ceivers, was well advanced before the 1950's, its availability was in
fact not widespread until long after World War II. For example, although
most city and urban dwellers in the United States enjoyed electric con-
veniences by the late 1940's, most rural dwellers did not. In 1950 only
457 of the farms in the United States had electricity; but by 1960 this

» number had grown to nearly 97% (Rixse, 1960). Due to shortages as an

b aftermath of World War II, only 387 of farms had telephones in 1950; and
- only 60% of all farms had telephone service by 1959 (Weitzell, 1960).

~ Due in large part to the invention of the transistor in 1948,
radio usage soon became widespread even in areas where electricity was not
available. In 1959 there were 4,142 radio broadcasting stations in the
United States alone (Beaty, 1960), and it is estimated that there were 156
million radio receivers in the United States by the year 1962, almost one
for every man, woman and child (Fabre, 1963). In the 1950's television
was still in its infancy. However, by 1962 there were 59 million tele-
vision sets in use in North America (Fabre, 1963).

In the early 1950's computers were also new communication tools.
However, the growth in the number of computers and in the uses to which
they have been put during the past twenty-five years is both dramatic and
impressive. The many different uses of the term "computer'" make qualifi-
cations a necessity for any reported numbers of such machines. Conserva-
tive estimates place the number of digital computers well into the hun-
dreds of thousands in the United States alone. As for their applications,
Chapanis (1971) suggests that it would probably be more economical to list
those areas in which computers have not been applied than it would be to
list those in which they are applied.

Since the early 1960's research and development activities by
government aerospace and military agencies, as well as by the commercial
; telecommunications industry have also resulted in a rapid growth of satel-
gt lite technology and usage. Some direct effects of satellite communica-
tions on our daily lives are the live television transmissions we now re-
ceive from all regions of the earth, from astronaut space stations, and
from weather satellites circling our globe.

X
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In summary, the decades of the 1950's, 60's and 70's have produced
a communication "explosion." The proliferation of sophisticated devices
and services during these years has resulted in a tremendous increase in:
i (a) person to person communications, (b) mass media public communications
| through radio and television broadcasts, and (c) man-machine communica-
‘ tions best exemplified by the integration of satellite and electronic com-
puter technologies in the design of modern teledata systems. Moreover,
there is no evidence that advances in communications technology will taper
b off soon. Such developments as world wide automatic digital network tele-
i processing, automatic voice network switching systems, improved
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communication satellites, and Laser communication systems promise to
spread the waves of the communication explosion more thoroughly around the
globe and even into the far reaches of our universe. Indeed, recent tech-
nological advances have been so great that they have prompted industry
spokesman Stony (1970) to make such statements as:

The communications and data processing horizons that are opening
in front of us are limited only by the competence of our own
thought processes to apply this fantastic capability to our needs.
The technology is there. At long last communications-electronics
has caught up with, and passed, the demands of the user. The
problem now is for the communicator technician to help the custom-
er to use what we have the capability to build, and to avoid the
overlap and duplication of systems that make it prohibitively ex-
pensive (p. 2).

An important point implicit in Stony's remarks is that technologi-
cal advances have been thrust upon us so quickly that they have outraced
our understanding of how best to use them now and in the future. Our
record in adapting these capabilities to our needs has not been as good as
we would like. A lengthy report of a committee of the National Academy of
Engineering (Panel on Telecommunications Research, 1973) concludes that:

At the man-machine interface, we understand the machine better
than the man. There are both hardware and software design issues,
but software issues are dominant and growing. We have almost no
predictive design technology in this area (p. 50).

Frequently industry has acted in the absence of psychological de-
sign criteria because behavioral scientists, especially psychologists, did
not attach much importance to the topic of communication before 1949
(Chapanis, 1971) and therefore did not produce such data. However, the
last two and one-half decades have produced a significant amount of re-
search on the psychological aspects of "human communication." What has it
told us and where do we stand?

The Past Twenty~Five Years

Behaviorally oriented research on the multifaceted topic of human
communication has varied greatly in both scope and breadth. Still, sever-
al identifiable trends emerge during the past twenty-five years. Each has
followed from the basic orientations of a few writers and researchers
around the time of 1950.

Perhaps one of the most influential lines of research has been
directed towards attempts to fit human communication into the mathematical
model of information theory formulated by Shannon (1948) and Shannon and
Weaver (1949).
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In the 1950's the topic "communication theory" was largely synony-
mous with the narrowly defined and highly technical interests of "informa-
tion theory." 1Initially, the goal of the information theorists was equip-
ment bound, i.e., to measure the amount of information that could be
transmitted by messages over channels in communication systems like tele-
phones or radios. Then came many attempts to apply information thecry to
the more psychological aspects of communication, often under the label of
"communication theory." Johnson's bibliographies (1967, 1970), for ex-
ample, list 942 references on the use of information theory in psychology
between the years 1948 and 1970. Many of these works cite the Shannon
papers as their starting points.

Information theory worked rather well when it was applied to com-
munication equipment, but its application to the psychological aspects of
communication served mainly to underscore the need for a more behaviorally
oriented, synthetic theory of human communication (Sereno & Mortensen,
1970). Numerous books, scientific journals, professional associations and
academic curricula now use the term '"communication theory" to refer to the
interdisciplinary, behaviorally oriented field of research dealing with
the constituent processes of human communication.

Other major research trends which began around 1950 were less
mathematically based and concentrated more on the variables of interper-
sonal communication. Bales (1950, 1955, 1970) developed his now classic
technique for scaling interpersonal relations among people by studying
their communications in groups. Research on the cooperative, competitive,
and persuasive aspects of communication in interpersonal bargaining proba-
bly originated with the work of Deutsch (1949), and was continued by Hov-
land, Janis and Kelley (1953) and by Krauss & Deutsch (1966). The study
of psychological variables in network arrangements began with Bavelas
(1950), Leavitt (1951) and Shaw (1954) and was continued through the mid-
dle 60's (Davis & Hornseth, 1967). The study of facial, gestural and body
communication also came into its own in the 1950's (Birdwhistell, 1952)
and was followed by investigations into the more subtle areas of proxemics
and communication by intra-body distance (Hall, 1959).

Beckenbach and Tompkins (1971), Berlo (1960), Bettinghaus (1973),
Cherry (1957), Miller (1973), Lin (1973), Parry (1967), Schramm (1963) and
Wiener (1948) are the principal authors who have written books about the
diverse aspects of human communication. By 1961 the field of research on
communication had become large enough to support its own scientific jour-
nal, the Journal of Communication. More recently deSola Pool, Frey,
Schramm, Maccoby and Parker (1973) have edited a comprehensive handbook on
the subject. Despite all this activity, Sereno and Mortensen's (1970)
assessment is that the field of human communication research has not yet
established many sharply defined boundaries or domains and that the field

still lacks theoretical integration. Even more important is that techno-
logical innovations have followed one another with almost breathtaking
rapidity without corresponding advances by behavioral scientists on how

that technology could be best made to serve man.
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Klemmer (1973) put out yet another call for psychologists to
bridge the gap between the technological advances and our level of under-
standing of interpersonal communication. He said that the work of the
leading psychologists, sociologists and others studying interpersonal com-
munication has had little impact on the engineers who plan new communica-
tion systems. By way of the following example he points out that the job
still remains to apply the psychology of communication to the design of
modern communication systems.

A natural assumption has often been made when considering new
telecommunications systems. That assumption is that face-to-face
is the ideal method of interpersonal communication and so new sys-
tems should tend to approximate face-to-face. Tglephone is closer
to face-to-face than telegraph and PICTUREPHONEd%is cleser than
telephone. Color, high fidelity and three dimensions would be
closer still.

Even if one accepts the intuitive premise that face-to-~face is
optimum communication there is still a large question about which
dimensions of approximation are most important--most important on
a cost/utility basis. Laboratory experiments and field trials are
required here for intuition does not provide dependable answers.
(Klemmer, 1973, p. 5)

In the 1960's the PICTUREPHONE® was introduced in several cities
in the United States. That was a very costly failure. Although there
were probably many factors contributing to the failure of PICTURPHONEZG’
one apparent misjudgment was the decision to market it in advance of the
collection of appropriate data on the psychological variables involved in
interpersonal communication via combinations of video and audio channels.

Psychology did, of course, respond eventually to the pressing need
for behavioral research data that could be related to communications tech-
nology. However, it was not until about 1970 that several research pro-
grams were instituted to study how people naturally communicate with one
another and how normal patterns of communication are affected by the de-
vices through which people can converse. The principal research centers
are the Communications Studies Group (CSG) in London, The Johns Hopkins
University's Communication Studies Laboratory in Baltimore, the Wired City
Simulation Laboratory at Carleton University in Ottawa, and the Human Fac-
tors Department at the Bell Laboratories in Holmdel, New Jersey.

Initial efforts of the CSG, described later in this paper, were
completed in 1973 (Communications Studies Group, 1973a & 1973b). The work
at Carleton is just getting underway (Coll, 1973). The Bell Laboratories
continue to provide excellent research on interpersonal communication be-
havior (Klemmer, 1973), and the research conducted at Hopkins has provided
much leadership in the field (Chapanis, 1975). It is the research at Hop-
kins which sets the stage for the research reported here.




Human Interactive Communication

Chapanis describes interactive communication as the kind in which
the participants actively exchange information, ideas, and hypotheses
through messages that are intended to serve some function, for example,
to solve a problem, to persuade someone to take some action, or to engage
in psychotherapy. Chapanis distinguishes interactive communication from
those forms of communication that may be described as unidirectional. 1In
unidirectional communication the recipient of information is not an active
contributor to the communication process. Newspapers, books, radio, tele-
vision, advertisements and even a great many lectures are examples of uni-
directional communication. In interactive communication, a given message
is determined in part by the content of prior messages from all partici-
pants in the communicative process. Examples of interactive communication
are telephone conversations, conferences, seminars, debates and workshops.
Chapanis (1974) asserts that his distinction between unidirectional and
interactive communication systems is essential to a genuine theory of com-
munication.

In describing human interactive communication Chapanis (1974) has
listed at least eight major variables that must be included in a detailed
model of it. Without elaboration, they include:

1. The number of communicators in the network.

2. Personal characteristics of the communicators.

3. The balance or match between the communicators, e.g., in
status or skills.

4. The communication channels available to the communicators,
e.g., face-to-face, voice, closed-circuit television, tele-
typewriter.

5. Restraints imposed by the communication channels, e.g., voice
fidelity, interruption capabilities.

6. The language in which communications are carried out.

7. The purpose for which the communication is being carried on,
e.g., to solve problems, to instruct, to persuade.

8. The particular network of connections between the various com~
municators in the systems.

Surprisingly little is known about the effects of most of these
variables individually or the relationships that hold between them. The
Chapanis research program has been systematically investigating various
hypotheses about the eight variables listed above.

Initially, Chapanis's experiments have focused on cooperative
problem solving in which two-person teams communicated in a variety of




#o ok

communication modes: face~to-face, handwriting, teletypewriting, tele-
phone, closed~circuit television and combinations or mixes thereof
(Chapanis, Ochsman, Parrish & Weeks, 1972; Chapanis & Overbey, 1974; Ochs-
man & Chapanis, 1974; Weeks, Kelly & Chapanis, 1974). The findings from
these studies, summarized by Chapanis (1975), are both extensive and rich
and provide data essential to the development of a model of interactive
human communication.

Briefly, some of the more significant findings are:

1. Oral modes of communication, voice and face-to-face conversa-
tion, allow for much faster problem solving than do hard copy
modes of communication, handwriting and teletypewriting. How-
ever, oral modes are much more wordy than hard copy modes.
That is, oral modes are characterized by many more messages,
many more sentences, many more words, and many more unique
words, but lower type-token ratios (Chapanis, Ochsman, Parrish
& Weeks, 1972; Chapanis, Parrish, Ochsman & Weeks, 1977).

2. Face-to-face communication is not appreciably better than
simple voice communication for factual problem solving
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